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Abstract. Lansoprazole (I SP), a proton-pump inhfrilor. belongs ro class II dr.n. It is especially instable 
to heat, light, and acidic media, indicating thai fabrication of a formulation stabilizing the drug is difficult 
Tlie addition of alkaline stabilizer H the aif.il powerful method to protect the drag in solid formulations 
under detrimental environment. The purpose of the seedy was ro characterise the designed multiple 
coating pellets of LSP containing an alkaline Mwbilizei (sodium caibouate] and assess the effect of the 
stabilizer on the physieec 1 emied proper nice of Mir drug. Tlie coated pallets we:r prepared by layer-layer 
film coating with a fluid-bed coater. In vitro release and acid-rcshlaucc studies were carried out in 
simulated gastric fluid and simulated intestinal Herd, tespeeiivcly Fur llietniorc, die moisture -uptake test 
was performed to evaluate the influence of sodium carbonate nn the drug -uabilhy The results indicate 
that the drug exists in the amorphous stale or small (nanometer si/*) particles without crystallization 
even after storage at 40" > Cz75% for 5 months. The addition of sodium carbonate to the pellet protects the 
drug from degradation m simulated gastric fluid in a dose dependent meaner The aioisture absorbed 
into the pellels has a detrimental effect on Ihe drug stabilit y The extent ol drug degradation is directly 
eorr^ I t, I tn th i n it it m i , ir ibsorplion r inclusion, thes i it ugi 1" i ihr j->- j i e 
of sodium carbonate influence the physicochemical properties of LSP. and the designed multiple coating 
pellets enhance the chug stability 
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INTRODUCTION 

Proton-pump inhibitors (PPIs) have emerged as the 
efficacious management oC choice for acid-related disorders, 
including gastric and duodenal ulcers and gastroesophageal 
reflux disease and the treatment or prevention of gastro- 
duodcnal lesions induced by nonsteroidal atiti-in flamiiiaUiry 
drugs (1,2). Chemically, the basic structure of this class of 
compounds consists of substituted benzimidazole ring and a 
subsl.il tiled pyridine ring connected to each other by a 
methylsulfinyl chain (3). The mechanism of action of PPIs is 
associated with the weakly basic nature of the compounds 
(pATa =4) (J), At neutral pH, PPIs exist as lipophilic prodrugs 
without intrinsic activity, which can cross cell membranes. 
When the pH is less than 4, the pyridyl nitrogen is 
protonated, resulting in a chemical rearrangement to form a 
reactive cyclic sulfonamide, the pharmacologically active form 
of the drug (4). 
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The PPIs are either imidazopyridine derivatives or 
substituted pyridylmcthyisuISnyl benzimidazole such as 
omeprazole, lansoprazole (LSP), pantoprazole. rabeprazole, 
esoiuep: ay.ole, and tenaloprazole. etc. An important physico- 
chemical characteristic of PPIs is the instability l<> heal, lighl , and 
acidic media due to their structural features (5,6). LSP (Fig. 1), a 
lipophilic weak base with pA'a 4 (3), seems to be especially 
sensitive to such attack compared to the other members of PPIs 
(c>). It js a white powder with poor water solubility and degrades 
rapidly m aqueous solutions at low pH values (7). Therefore. 
LSP needs to be protected from the destructive effects of gastric 
acid when administered orally. To overcome the stability 
problems, different formulation strategies have been developed 
to protect this drug. 

Formulation of a stable delivery system for LSP is 
extremely difficult. LSP belongs to class II drug, which is 
characterized by low solubility and high permeability. More- 
over, it degrades rapidly in acidic conditions and is stable in 
basic environment. In general, alkaline stabilizers are added 
to the formulations to produce a microenvironmentai pH of 
no less than 7. These alkalizers include sodium, potassium, 
calcium, magnesium, and aluminum salts of phosphoric acid 
and carbonic acid, citric acid, or other suitable weak inorganic or 
organic acid carbonate (X). However, the alkaline stabilizers 
used in the formulations can affect the physicochemical proper- 
tics of the drug, and the related mechanisms are poorly known. 
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In addition, the solid-state form of LSP has a profound impact 
on solubility, stability, and bioavailability. Therefore, it should 
be an important consideration lo design an appropriate 
uosagc form and evaluate the physieocheinieal properties 
of LSP in formulations. In the present work, we provided 
an understanding of how the alkaline stabilizer affected the 
pliysicochemical properties of LSI' and improved the drug 
stability in the novel formulation. 

The major objective of the present study was to character- 
ize the effect of sodium carbonate on the physicochemica! 
properties of LSP in the designed pellets with multiple coating. 
The drug stability, acid resistance, profiles of drug release, and 
moisture uptake were evaluated. Differential scanning calorim 
etry (DSC), thermogravimetrie analysis (TGA). and scanning 
electron microscopy (SEM) were earned out for this purpose. 

MATERIALS AND METHODS 
Materials 

LSP used was purchased from ZhuhaiRuntong Pharma 
Ltd. (Zhuhai, China). Non-pareii pellets (sugar spheres 0.5- 
0.7 mm in diameter) were provided by Gaocheng Co., Ltd. 
(Hangzhou, China). Hydroxy-propyl methylcellulose (IIPMC) 
60RT5 was purchased from Feichengruitai Ltd. (Shangdong, 
China). Metb acrylic acid copolymer used in the form of 
aqueous dispersion (Eudragil L30D-55) was a gift from 
Evonik Degussa Co , Ltd. (Darmstadt, Germany). Sodium 
carbonate was purchased from ErkangPharma Ltd. (Hunan, 
China). TriethyS citrate and talc were from Sinopharm 
(Shanghai, China). 

Preparation of Multiple Coating Pellets of LSP 

The drug-layered pellet cores were prepared by coating a 
layer of LSP on inert pellet cores in fluid-bed coater lo 
achieve 25% (wlw) drug content. The layer of the active LSP 
combined with 10% (wlw, based on LSP) of sodium 
carbonate surrounds an inert core. The coating formulations 
were prepared by dissolving the drug into HPMC (2% wlw) 
aqueous dispersion with sodium carbonate. The dispersion 
was homogenized and then passed through a 60-mesh screen 
before coating process. 

The drug layered core pellets were coated with three 
successive layers, viz. an inner alkaline layer, a protective layer, 
and an enteric-coating layer, respectively (Fig. 2). Table I shows 
the coating formulations of alkaline, protective, and enteric 
layer. The coating formulations of alkaline layer were fabricated 
by dispersing the stabilizer into 4% (w/w) aqueous dispersion of 
HPMC. The dispersion was homogenized and then passed 
through a 60-mesh screen before the coating process The 
preparation of protective and enteric-coating formulations was 
similar lo the one described by Bruce el d. (9). 



He et til. 

A fluid-bed coating apparatus with a Wurster container 
(STREA-1™ Classic Niio-Acromatic, Dubcndorf. Switzer- 
land) was used. Coating was performed at a batch size of 40 g, 
an atomizing pressure of 1.5-2.0 bar, an inlet air temperature of 
45-50°C. an inlet air of 45-50 m 3 /h, an exhaust air temperature 
of 30-35 c C. a pellet bed temperature of 40-45°C, a spray rate of 
13-2.0 mL/inin. and a drying Temperature ot40"C for 15 nun. 
Finally, the pellets were dried for a further 24 h at 40°C in oven. 

Acid Resistance and In Vitro Drug Release 

To evaluate enteric protection, an acid-resistance study was 
performed in 500 mL of 0.1 M HC1 (simulated gastric fluid, SGF, 
pll 1 .2) for I h. Then, 400 mL of monobasic sodium phosphate 
was added to the dissolution media, and the pH was adjusted lo 
6.8 (simulated intestinal fluid, SIF). The drug release profiles 
from the coated pellets were performed with a US Pharmaco- 
peia (USP) II apparatus (Auto SR8-Plus, Hanson research, 
California. USA) at 75 rpm and a temperature of 37±0.5°C. The 
tests were conducted in triplicate. The drug release at the acid 
sta&e was determined with a I.. V spectrophotometer (X.TV2200, 
Shinia/u. Japan) al a wavelength ot 245 nm. The drug release at 
bufiei slauc was. anyly/etl avni: an T [PLC (Agilent 1 100 sei ies., 
California. USA) assay following USP monograph procedures. 

Moislure-LJptake Studies 

Moisture-uptake ie.sU ol The multiple coated pellets were 
determined gravimetricaHy in triplicate. The pellets were stored 
in closed desiccalors eoniaining sal uraled solutions of KMC L at a 
relative humidity (RH) of 92.5%. At predetermined time 
intervals, the samples were withdrawn and accurately weighed, 
and Ihe moisture uptake (%) was plotted versus time. The 
moisture absorption was calculated with the following equation: 

W, - W„ 

Moisture uptake(%) - ' w " x 100% (1) 

The moisture uptake (%) is the degree of moisture absorp- 
tion of pellets. W, is the weight of pellets at time t, and W e 
represents the initial weight ot dried pellets (before storage). 

Differential Scanning Calorimetry 

J he thermal charactei istics of the multiple coated pellets, 
physical mixture, and pure drug were determined by a 
differential scanning calorimeter {Diamond, Perkin-Elmer, 
USA) combined with an intercooler and nitrogen purge. Ten 
milligrams of pellets was weighed in aluminum pans and 
closed. After the usual indium and lead standard calibration, 
the samples were heated from 30 S C to 200 C C with a heating 
rate of 10°C/min. 

Thcrmogravimctric Analysis 

Thermogravimetric analysis of multiple coated pellets 
was performed with a 7-10-mg sample in aluminum pans 
under a dynamic nitrogen atmosphere by a thermogravimet- 
ric analyzer (Pyris6 TGA, Perkin-Elmer, USA). The experi- 
ments were run at a healing rale of 10°C7min. 
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Fig. 2. The schematics of an LSP pelles with multiple 



Scanning Eleclroii Microscopy 

The micrographs of the samples were taken with an SEM 
(Hitachi S-520, Tokyo, Japan) to examine the surfaces and 
morphology of the multiple coating pellets, single drug- 
layered pellets, and the pure drug. The coated pellets were 
mechanically cleaved transversely and sputtered with gold for 
5 min. by a sputter. 

Stability Studies 

To assess the drug stability, the coated pellets were filled 
into hard gelation capsules, size 2 for analysis. The capsules 
were packaged with aluminum foil (Kaidi Co., Ltd., Henan. 
China) and stored at 4CfG75% RH for 1 and 5 months. After 
accelerated test, the changes in acid resistance, drug content, 
and drug release characteristics of the three formulations 
were observed. Stability samples were also analyzed by DSC 
and TGA. 

Statistical Analysis 

All the experiments were performed in triplicate. The 
results were expressed as mean i standard deviation. One-way 
analysis of variance was performed to assess the significance 
of the differences among the data. P values of <0.05 were 
considered statistically significant. 



RESULTS AND DISCUSSION 



Acid Resistance 



LSP degrades and changes color rapid)} in gastric media. 
Thus, enteric film coating must be developed to protect The 



di w> iioui acidic conditions of gasti ic media. Methacrylie acid 
copolymer was selected as enteric film coating material since 
it has good moisture-protective properties, excellent enteric- 
coating protection in acidic media, and rapid drug release in 
enteric media (10). Figure 3 shows the drug release in SGF 
(acid resistance). As expected, the presence of sodium 
carbonate in alkaline layer improved the acid resistance, 
which is evident in the marked decrease of the chug release. 
Protective effect of sodium carbonate on the drug was 
achieved in SGF, especially evidenced by FS since only 1 % 
LSP was released after 60 min Furthermore, the drug release 
from ihe pellets in SGF is reduced further as the amount of 
sodium carbonate is increased. The gastric stability is 
significantly dependent on the amount of sodium carbonate. 
In terms of storage stability, the pellets were, stored at 40° CI 
75% RH for 1 and 5 months: no difference in drug release is 
observed (p>0.05) before and after storage. 



//) Vitro Drug Release 

As an enteric fonnulation, the drug should be released 
rapidly in the intestine. Rapid drug release from the pellets 
enhances the bioavailability since LSP falls under class II (low 
solubility-high permeability) drug (11). Additionally, accord- 
ing u. die specification for an enteric formulation from I JSP, 
more than 75% LSP should be released in SIF within 60 min. 
Figure 4 illustrates the drug release profiles of the pellets in 
SIF. Clearly, the addition of sodium carbonate to alkaline 
layer decreases the drug release when compared with the 
pellets without sodium carbonate (FO) in alkaline layer in the 
first 20 min. This can be attributed to the increased hydro- 
phobicilv of fdrn coalings and coaling le vels lor the additional 
sodium carbonate. However, the drug release from pellets 
with sodium carbonate (KI-F3) still fulfills the requirements 



Table I. Film Coating Formulations of Alkaline, Protective, and Enteric Layer (All Quantities Are Given in Grams) 



FO (control formulation) 



TEC methyl citrate, HPMC hydroxypropyl methylcellulose 
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Hig. 3. F fifed of &mcuui ol sodiu.-n carbonate on the acid lesiswrtw 

(drug releose in simulated cc-islne (lui.1, pi f t 5) [torn multiple coaling 
i'. !•• I - before and after storage at 40<O'/c>% KH for ] and -> months 
(n=3). FO: pellets without sodium carbonate in alkaline layer, fi. F2. 
FJ: pellets containing 16. 20. and 25 c; icidi^m carbonate in alkaline 
layer, respectively 

since more than 80% LSP is released in SIF at 40 min. This 
can be explained by the presence of sodium carbonate: Ihe 
dissolution medium permeating into the pellets dissolves the 
sodium carbonate, increases ihe microenvironmenlal pH. and 
then makes the enteric polymer ionized. This is consistent 
with a previous report indicating that increased pH of the 
subcoat facilitated the dissolution of enteric film (methyl 
iiielbaL-ryiate mei tiacryiic acid copolymei ) (P.). On ihe oilier 
hand, the drug release is inversely proportional to the amount 
of sodium carbonate despite the tact that sodium carbonate 
has a good water solubility. The pellets with 16 g sodium 
carbonate (Fl) shows a faster drug release (p<0.05) as 
compared to the pellets containing 20 and 25 g sodium 




0 20 40 60 



from multiple coating pellets before and after being stored at 40°O 
75% RH for 5 months („=3). Solid line: before accelerated test, dash 
dot: after accelerated test. F0: pellets without sodium carbonate in 
alkaline layer. Fl. F2. F3: pellets containing 16, 20, and 25 g sodium 
carbonate in alkaline layer, respectively 
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carbonate (F2, F3), attributing to the least amount of sodium 
carbonate in Fl. Interestingly, when the pellets with sodium 
carbonate were stored at 40°C/75% RH for 5 months, the 
drug release is increased. It seems lhal our result is not in 
agreement with previous investigation, indicating that a high- 
humidity condition resulted in decreased drug release for the 
lowered T, and increased flexibility of the film (13). ft is 
explained by the fact that sodium carbonate migrates to the 
enteric film and makes part of the pH-sensitivc polymer 
ionized, causing a stretching of the polymer chain. 

Moisture-Uptake Studies 

Stroyer and coworkers (8) reported that the moisture 
absorption plays an important role in the PPFs (omeprazole) 
stability when the drug is blended with enteric polymers. 
Thus, the moisture-uptake test was conducted in the present 
study. It is found that the moisture absorption increases with 
Ihe following series: F0 > Fl > F2 > F3. As indicated in Fig. 5, 
the moisture absorption from the pellets without sodium 
caibonale (F0) is mote than that of the pellets with sodium 
carbonate in alkaline layer, suggesting that the presence of 
sodium carbonate reduces the moisture absorption signifi- 
ctip.tlv (/j<IU)5). II is explained by the tact that the presence 

alkaline layer. It should be noted that the discoloration of 
pellets without sodium carbonate was observed after 3 days of 
storage. It is since that the drug particles without being 
surrounded by sodium carbonate migrates into the enteric 
layer and reacts with its acidic carboxyl groups of the 
polymer. Tn contrast, no discoloration was observed from 
liie pellets containing sodium carbonate in alkaline layer even 
after 10 days of storage. Thus, the addition of sodium 

carbonate reduces moisture absoiption and enhances the 

To confirm the tnoisture-uptake results, TGA was 
utilized to measure the moisture absorption in the pellets. 
Bley and coworkers (14) reported that most of the water in 
dosage forms will be removed at about 150°C. At this 
temperature, even more tightly bound water can be removed 
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Time (h) 

fig. 5. Effect of amount of sodium carbonate on the moisture uptake 
from multiple coaline pellets daring open storage at 92.5% RJ I (n -3). Fit: 
r^lkl with i kJi 'is no oat ir it 1 aline layer Fl. F2, F3: pellets 
iii l nd 25 g cuJium carbonate in alkaline layer, respectively 
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Influences of Sodium Carbonate on Lansoprazole Pellets 

and leveled off, resulting in a mass loss. Figure 6 shows the 
TGA thermograms of pellets before (Fig. 6a) and after 
(Fig. 6b) storage for 5 months at 40775% RH. With an 
Increase of the amount of sodium carbonate, the mass loss of 
the peliets decreases. The mass loss increases with the 
following series: Fl > F2 > F3, which consists of the 
moisture-uptake results f urthermore, a correlation between 
the moisture absorption and drug content was examined. As 
expected, the drug content is inversely correlated with the 
moisture absorption (Fig. 7). Once again, increasing the 
amount of sodium carbonate decreases the moisture absorp- 
tion for the increased hydrophobicity of the polymer film, 
which contributes to the improvement of drug stability. 

Differential Scanning Calorimetry 

DSC is used to study the physical state of the drug before 
and after storage at 40°C/75% RH. As shown in Pig. 8a (e). 
the endothermic and exothermic peaks of the drug are 
observed (15). The physical mixtures of the drug and 
excipienls also show Ihe enduthermic peak of LS'P (Fig. 8a 
(d)). LSP is disordered as amorphous state and small (nano- 
meter size) particles in the formulations, as evidenced by the 
absence of the melting peak in the pellets and delectable 
melting peak of the drug in physical mixtures. 
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Fig. 7. Correlation between remaining drug (% i and moisture uptake 
'%} in multiple coating pellets after storage at W/B'S Kll lor 
5 months. Fl, F2, F3: pellets containing 16, 20, and 25 g sodium 
csrhnnafe jr. alkaline layer, respectively 



Considering the inherent instability of amorphous solids 
with respect to crystallization, further thermal characteristics of 
the formulations were examined after storage for 5 months at 40'/ 
75% RH. It ts of interest that the melting peak is still not observed 
in the DSC curves (Fib;. Kb), suggesting thai the samples remain 
amorphous and small particles. This is due to the formation of 
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specific drug-polymer interactions such as hydrogen bonds, 
which inhibit the crystallization of amorphous LSP (13,16). 

Figure y illustrates the SEM surfaces and morphology of 
the single drug-layered pellet and pure drug. It is also evident 
that the drug is disordered as amorphous state or small 
particles in the pellets, since no drug crystal is observed on 
Ibe surface or the pellet when compared with the pun-, drug. 



Stability Studies 

The remaining drug {%) vs. time relative to ihe initial 
assay is shown m Fig. 3 0. For the control formulation, the 
remaining drug is less Jiar. 60% after J month of storage at 
40775% RH, and the drug could not be detected after 
5 months since no basic conditions was produced. Once again, 
it is indicated that the stability improvement is attributed to 

alkaline layer. The addition of sodium carbonate to alkaline 
layer protects the drug from degradation since it creates a 
basic microenvirorimenl able to stabilize the drug. Consistent 
with the previous results, the remaining drug (%) in 
formulations is in direct ratio with the amount of sodium 
carbonate. The resultant stability is consistent with a previous 
report (8), suggesting thai the amount of stabilizing agent 
should be, sufficient to capture the protons. It is also observed 
that the pellets containing 20 and 25 g sodium carbonate (F2 
and F3) have similar stability results after 5 months of 
storage. This is in line with a previous report, indicating that 
for a weak basic compound, an increase in the pH modifier 
content above its minimum concentration will ikk achieve 
further drug stability (17). 
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Fig. 10. Fffecl of annum of sodium carbonate on remaining, drug 
(%) in multiple eoatiag pellelt after being stored at4fPC/7_S% Kl 1 tor 
I and 5 months (n }) PJ: pellc.is without sodium carbonate in 
akalme layer. Fi . F2. !-?■: nchels coidainicg 16. 20. mid da n sodium 
carbonate, in alkaline la;. -r. respective!} 



CONCLUSIONS 

The designed multiple coating pellets appear to be a 
promising way for stabilizing LSP, The presence of sodium 
carbonate in alkaline layer provides protection of the drug 
against degradation, and the increasing amount of sodium 
carbonate has a beneficial effect on the drug stability. The 
addition of sodium carbonate improves the gastric stability 
significantly. Taken together, the ertent of I..SP degradation is 




Fig, 9. SEM pictures at the surface morphology of pure ISP (a) and drug layensd pellets (b, el 
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directly correlated with the moisture absorption and inversely 
correlated with the amount of alkaline stabilizer. 

REFERENCES 



1. Lai KC, Lam SK. Chu KM, Wong BC. Hui WM, Hu Wll. el at. 
Lansoprazole lor the prevention of recurrences of ulcer compli- 
cations from long-term low-dose aspirin use. N Engl J Med. 
20O2:346(26):2O33-8. 

2. Horn J. The proton-pump inhibitors, similarities and differences. 
Clin IDcr. 2im22f3):2M>-8<>. 

3. Jain KS. Shah AK., Banwal ). Shelke SVI. Kale AP. Ju s tap JR. e( 
al. Recent advances in proton pump inhibitors and management 
of ,ieid.peptic disoidc.e Riooio, Med Caere 2ui/i7 : 1 5 ( 3 ] : i L * L - 
205. 

4. Burnett JE. Balkin E. Stability and viscosity of a flavored 
oineprazol .ial suspension I I p. trU- n if Ml flih-Svsi 
Pharm. 2006;63:2240-7. 

5. Tetsuro '!' I'adashi M, Tnrtrio K. Shinicrvirn 1 1. Stabilization of a 

i i il ul ' i i l [ r ■ it lb < iiJ i 1 i i ] >rn 

I 1 5,1 ira 1 u i 1 i 

6- Kristl A. Aado-basic properties of proton pump inhibitors in 
aqueous solutions. Drug Dev Ind hbu, n 'i 1 1 4-* 

7. Albin K, Franc V. Prefonnulation investigation of the novel 
proton pump inhibitor lansoprazole. Drue. Dev Ind Pharm. 
2000;26:781-3. 

8. Streyer A, McCinity JW, Leopold CS. Solid stale interactions 
between Hie proton pump inhibitor omeprazole ard various 
enteric coating polymers. J Pharm Sci. 2006;95(6):1342-53. 



U93 



9 Bruce LD. Pelereit HU, Bcckcrt T, MeGimty JW. Properties of 
enteric coated sodium valproate pellets Ifit J Pharm. 

2003:264:85-96. 

10 Missaghi S Young ( '. I-egeiv K. Raiaht-Siahboomi AK Delayed 
release nlm tit f I i i lid dosage forms of 

proton pump inhibitors: case studies. Drug Dev Ind Pharm 
2010:36(2). 180-9. 

.1 I Martinez M. Auv.shurger L Johnston T. Jones WW. A applying 
the biopharmuceulii> chitsificatioi: system to veterinary pharma- 
ceutical products part I. ^pharmaceutics and formulation 
considerations Adv Drug Deliv Rev. 2OO2:54:S05-24. 

12 Liu I', Moreno P. Basil AW A novel doublc-coatmg approach for 
improved pIMriygcred deliver v to the ileo -colonic region ot the 
gastrointestinal tract. I'z.r J Phaou Bkvpharm. 201 ft. .'2:3 11-5. 

13 Ami2hi K. Mocs A. lnlluer.ee of plasltcizei coiicenliatioii and 
storage conditions on Lhe drug release rale from Eudragil RS 
30D film-coated sustained release theophylline pellets. Eur .1 
Pharm Biopharm. lv [ J6;42:29-35. 

14. Bley O, Siepmann J. Bodmeier R. Protection of moisture- 
sensitive drugs with aqueous polymer coatings, importance ot 
coating and cunne conditions. Int j Pharm 20(>J:37N(1-2):VJ-6j- 

15. Zhang XW, Sun NY, Wu BJ, Lu Y, Guan TZ, Wu W. Physical 
characterization of lansoprazolc/PVP solid dispersion prepared 
l>v fluid-bed coalme technique. Powder fechnol 2O0s>.:82 
<ad:4S<! a. 

16. lanJisharynkul V, knevvnopparat N, Ingkataworaivorie, S. Prop 
ertics of solid dispersions of piroxicam in polvvinylpyrrolidone 
K-30 Int 1 Pharm 19^6:143(1) 259-66. 

17. Badawv S!F, Hussain MA. Microenvironmenlal pH modulation 
in solid' dosage forms. J Phaim Sci 2()U7,V6( a ) MM VJ. 



